Abstract Waste recovery is very important for public health and from environmental and industrial perspectives. The use of waste as useful raw material is strongly recommended, since it reduces the negative environmental impact associated with landfill and preserves non-renewable nature. This paper describes the usability of rock residue powder as an additive raw material in ceramic product. In the present study, qualitative analysis was carried out to determine the major and minor constituent minerals present in ceramic bodies made from rock residue powder by X-ray diffraction and FT-IR spectroscopic techniques. Also to study the mineralogical and physico-mechanical characterization of ceramic bodies made from rock residue powder. The present study demonstrates the usefulness of the physico-mechanical properties and spectroscopic techniques in determining the quality of the ceramic samples made from 10-50 wt.% of rock residue additives. 
Introduction
The industrial activities produce a remarkable amount of solid waste materials. Accumulation of industrial solid waste materials can be considered as one of the main sources of environmental pollution. Recycling of solid waste materials by incorporating them into ceramic material is a practical solution to environmental pollution. In the last decades, many researchers were interested in studying the problem of solid waste materials. Rock waste residue powders which result from cutting, polishing, crushing and machining operations in the rock quarries have a notable and serious effect on their surroundings. The rock waste is largely pollutant, only some part is discarded. In most of the cases illegally dumped in land and in the surrounding environment. This causes negative effects on the environment and human health, mainly inhalation of suspended fine powder with a range of 25% of total formation (Rego et al., 2001; Torres et al., 2004; Menezes et al., 2005) . The aim of the present research work is on the use of the waste material (rock residue) for manufacturing ceramic product and some polymers (Arifuzzaman Khan et al., 2016) . The objective of this work is to study the possibility to incorporated rock residue powder in ceramic product, without degrading their properties.
Experimental procedure
A typical ceramic body formulated using a rock residue in the form of powder was selected as one raw material and mixture of another raw material is fire clay. The rock residue powder was collected from a private rock-crushing plant located in Thuraiyur, Trichy (South India, Asia) India and the fire clay material was collected from Government Ceramic Institute, Virdhachalam, Cuddalore, Tamilnadu, India. The raw materials, rock residue powder and fire clay material were dried and ground in an agate mortar. The various percentages from 0% to 50% in steps of 10% were mixed with Fire clay material on weight basis. The formatted samples [RW0, RW10, RW20, RW30, RW40 and RW50] are allowed to dry in air and oven at 110°for 72 and 24 h respectively.
The raw materials, rock residue powder and fire clay material were dried and ground in an agate mortar. The various proportions of rock residue 0% (control), 10%, 20%, 30%, 40% and 50% were mixed with fire clay material on weight basis. Five series of batches (RW10-RW50) and a clay only mixture batch (RW0) were used as a reference specimen. The ceramic specimens were moulded into ASTM standard rectangular bars using a uniaxial pressing technique. After forming, the ceramic body specimens were dried in air (3 days) and then in an oven dried for 24 h at 110°C.
Then sintering of dried ceramic specimens was performed in a laboratory muffle furnace at 800, 850 and 900°C. The heating rate was 5°C/min. with 1 h soaking at maximum temperature. Then cooling occurred by natural convection inside the furnace after it was turned off. As a result, rectangular standard fired ceramic bodies were obtained.
The samples were powdered finally using agate mortar and the samples are subjected to FTIR and XRD studies. The XRD -pattern are recorded by with the source of CuKa radiation was used in the 2h range from 5°to 70°with a step size of 0.02°and a scanning speed of 1°per minute. The XRD peaks observed in the diffractogram were assigned with reference to the 2h values and corresponding d-spacing. It is used to identify mineral phases in all the samples.
The infrared spectra were recorded in the mid IR region 4000-400 cm À1 using Perkin Elmer FTIR interferometer. The KBr pressed pellet technique was used by mixing the powdered samples with KBr in weight proportion of 1:20. The precision of the FTIR instrument is ±4 cm À1 in 4000-2000 cm À1 region and ±2 cm À1 between 2000 and 400 cm À1 . The ceramic bodies were tested to determine the plasticity, density, cold crushing strength, flexural strength, and drying shrinkage by standard procedures (Norsker, 1987; Demir, 2008; Gupta, 1994) .
The plasticity of the samples were tested by using the following form,
where, W w is the wet state weight of the sample (gram) and W d is the dry state weight of the sample (gram). The density was evaluated (Monteriro et al., 2004; Vijayaragavan and Mullainathan, 2011) by dividing accurately measured mass of the dry/sintered samples by external volume (dimensional method).
Flexural strength was calculated from the breaking load using the formula (Chesti, 1986; ASTM C674-77, 1977) .
where, R -the flexural strength (Mpa), L = the distance between knife edges (mm), b = the breadth of the specimen (mm), t = the thickness of the specimen (mm), and W = the load at which the specimen failed (N). The drying shrinkage, firing shrinkage and the total shrinkage were calculated for each test specimen using the following formula (Norsker, 1987) .
where: OL means the original length; DL stands for the dry length and FL is the fired length.
Results and discussion
The clay minerals are the essential and basic raw materials for making ceramic products. Knowledge of the structure of the clay material goes a long way in characterizing the quality of such materials. Of the various well known methods of analysis, infrared spectroscopic is found to be a potential tool in investigating the structure of clay mineral (Ramaswamy and Kamalakkannan, 1987) . Among all techniques available, X-ray diffraction technique has been used most frequently for qualitative identification of mineral components of ceramic materials. Strength is the ability of a material to resist failure under the action of stresses caused by a load. The study of this property of material is the concern of a special science i.e., the strength of materials (Komar, 1987; Vijayaragavan and Mullainathanm, 2013) . Strength test is the most important test for assuring the engineering quality of a ceramic material.
X-ray diffraction analysis
The rock residue powder mixed ceramic bodies (RW0-RW50) were subjected to powder X-ray diffraction study and the XRD patterns are presented in Fig. 1 . And it's showing that the samples contain both amorphous and crystalline phases. The X-ray diffraction pattern of the sample (RW0) of the ceramic body without rock residue additive is shown in Fig. 1 (Hiramath and Puranick, 1991) . The Montmorillonite is a kind of Smectite clay mineral probable available in clay materials (Hajjaji et al., 2001) . From the X-ray diffraction analysis of the ceramic body with 10% of rock residue additives ( Fig. 1) it is seen that the minerals are: Kaolinite -(4.434 Å , 3.568 Å , 1.54 Å and 7.128 Å ), Montmorillonite -(2.879 Å ), Quartz -(2.234 Å , 2.124 Å , 3.338 Å and 4.245 Å ), Aragonite -(1.489 Å , 1.978 Å and 1.991 Å ) and Hematite -(2.284 Å ).
The X-ray diffraction pattern of the ceramic sample RW20 contains 7 peaks of Kaolinite (1.542 Å , 3.580 Å and 4.454 Å ) and 3 peaks of Montmorillonite (1.455 Å , 1.49 Å and 2.564 Å ). Quartz is identified as the most abundant mineral in the sample (RW20) by the presence of 8 peaks in the X-ray diffractogram. It is identified distinct reflection in the d-spacing of 1.274 Å , 1.383 Å , 2.237 Å and 4.259 Å . The carbonate mineral (Aragonite) is identified in the sample RW20 with d-spacing value of 1.982 Å and 1.455 Å . Albite and Feldspar minerals are identified in the same sample with d-spacing value of 3.209 Å , 4.041 Å , 4.259 Å and 3.884 Å respectively. Hematite mineral is identified in the sample RW20 by basal reflection at 2.285 Å and 2.987 Å .
The X-ray diffraction patterns of the ceramic sample RW30, RW40 and RW50 ( (Hajjaji et al., 2001; Engler and Iyengar, 1987; Balachandramohan, 2008; Mitra, 1989; JCPDS, 1999; ICDD, 1966) .
In the above all ceramic samples (RW0-RW50), the XRD analysis shows the presence of Kaolinite, Montmorillonite, Quartz, Feldspar, Albite, Carbonate mineral (Aragonite and Calcite) and Hematite. From these minerals, Quartz and Clay minerals (Kaolinite) have a large number of peaks, which indicates their abundance. The XRD pattern of all the ceramic samples shows the presence of major minerals like Quartz and Kaolinite mineral phases and the Carbonate mineral, Feldspar, Albite and Hematite as minor components.
FT-IR spectral analysis
The FT-IR spectra of rock residue additives mixed with Ceramic body specimens (RW0-RW50) are shown in Fig. 2 and the absorption frequencies of the peaks in the spectra of each sample in the wave number (cm
À1
) and present mineral name are reported in Table 1, and from Table 1 , the FT-IR spectral results of the Ceramic bodies from different proportions of rock residue mixture indicate the presence of Clay mineral (Kaolinite and Montmorillonite), Quartz, Hematite, Microcline (Feldspar) and Calcite. These minerals were identified by referring the reports in the literature (Balan et al., 2001; Madejova et al., 2002; Keeling, 1963; Palanivel and Velraj, 2007; Percival et al., 1974; Russel, 1987; . As a part of outgoing research the authors discussed the FTIR analysis and reported earlier Viruthagiri et al., 2011) .
Many authors reported quartz with small (thin) particle size, improves mechanical strength (Vieira et al., 2006; Vijayaragavan and Mullainathan, 2011) . By contrast, large size particles tend to decrease the mechanical strength due to micro-crack formation. According to Lyon (1967) , the IR peaks at 648-641 cm À1 are diagnostic of microcline. Since IR spectra of the sample (RW10) shows the infrared absorption peak in the range of 648 cm À1 it indicates the presence of microcline form of feldspar. This band does not appear in all samples (except RW10) and indicates the absence of microcline. All the samples show very strong absorption peak around 535 cm À1 they are due to Fe-O of Fe 2 O 3 (hematite). This band shows the crystalline hematite mineral (Sajeev, 1996) . The bands at 465-469 cm À1 and 424-432 cm À1 have been assigned to Si-O-Si bending and Si-O mixed vibration mode (Fripat and Toussaint, 1969; Bhaskar and Gopalakrishnarao, 2010) present in all the ceramic samples.
Physico-mechanical properties of ceramic bodies
Physico-mechanical parameters relevant to the study of the main properties of ceramic materials are plasticity, drying density, compressive strength, and flexural strength and drying shrinkage. To determine these factors which affect the quality of ceramic product considerably, is the main theme of this study. At least five specimens were used in each test for all categories and the average values are presented and discussed in this section. In the present study, the ceramic bodies are analyzed for some important properties and summarized in Table 2 .
Plasticity
Plasticity of the clay bodies is of great importance in the shaping of ceramic materials (Morachevskii and Chernogorenko, 1961) . Fig. 3 .1 shows the plasticity of ceramic bodies as a function of rock residue addition. The plasticity of a normal ceramic body is À26.75%, when the rock residue content in the mixture varied from 10% to 50%, the plasticity value changes from À25.08% to 16.26% respectively. Plasticity is an important parameter for the production of ceramic material. Because, ceramic industry mainly uses extrusion shaping and therefore the insufficient plasticity creates failures and heterogeneities in the clay body this causes lower mechanical properties (Demir et al., 2005) .
The plasticity has an important technological application, since it indicates the minimum percentage of moisture content necessary to reach a plastic condition (Baccour et al., 2008) . With high plasticity, there will be more difficulty in drying the samples and causing the appearance of dimension problem or even cracks. It was also observed that the residue addition caused no difficulties during the mixing and extrusion process. Fig. 3.1 show that the percentage of plasticity of ceramic body specimens decreases with an increase in the rock residue mixture in the ceramic samples.
Density
The density affects a number of properties of ceramic materials but probably the most important effect is on its strength (Viruthagiri et al., 2011; Vijayaragavan and Mullainathan, 2011) . Fig. 3.2 shows the drying density of ceramic bodies as Table 1 Mineral constituents in the rock residue mixed ceramic bodies (RW0-RW50).
Mineral Name RW0 RW10 RW20 RW30 RW40 RW50 Kaolinite P P P P P P Montmorillonite A A A A P P Quartz P P P P P P Hematite P P P P P P Microcline A P A A A A Calcite P P P P P P P ? present; A ? absent. a function of rock residue addition. In the present investigation, the density of a normal reference ceramic body RW0 is 1.781 (g/cm 3 ) and the values of density of ceramic bodies from RW10 to RW50 vary from 1.888 to 2.349 (g/cm 3 ). From the Fig. 3 .2, the drying density of ceramic bodies increases with the increase in the rock residue mix in the samples. Therefore, the density of the ceramic body is directly proportional to the quantity of rock residue added in the mixture.
Mechanical strength
The mechanical strength of the specimens was examined in terms of the flexural strength and cold crushing strength. Figs. 3.3 and 3.4 show the cold crushing strength and flexural strength of the ceramic bodies as a function of rock residue addition. Cold crushing strength values vary from 27.42 to 37.28 kg/cm 2 , and the values of flexural strength of ceramic bodies with rock residue addition 0-50% vary from 1.37 to 4.6 Mpa, where the highest strength value is displayed for the RW50 specimen. Strength is the ability of a material to resist failure under the action of stresses caused by a load. The study of this property of material is the concern of a special science, the strength of materials (Komar, 1987) . Strength test is the most important test for assuring the engineering quality of a ceramic material. Figs. 3.3 and 3.4 indicate that cold crushing strength and flexural strength values of the ceramic samples increase with increasing rock residue addition. Therefore, strength of the samples is dependent on the amount of rock residue. Fig. 3 .5 shows the drying shrinkage of ceramic bodies as a function of rock residue addition. When the rock residue content in the mixture varied from 0% to 50%, the drying shrinkage changes from À1.370% to 4.6%. The quality of building (Ahmed et al., 2014) of ceramic materials can be further assured according to the degree of shrinkage (Komar, 1987; Lin and Weng, 2001) . High shrinkage causes destruction of ceramic material both firing and drying stages of production and less linear shrinkage is a factor that may contribute to reduce the risk of appearance of cracks and dimensional defects in ceramic samples (Danupon et al., 2008) . Normally a good quality product exhibits shrinkage below 8% (Komar, 1987; Lin and Weng, 2001) . As a result, there is a linear increase in the drying shrinkage as the amount of rock residue in the mixture increases. Like some thermal properties of Rb3 C60 (Yang et al., 2014) , spectral and structural studies of some Zn with related several compounds (Chandra Babu and Buddhudu, 2014) and piezo and pyro electric properties of Zr based compounds are reported (Jha and Jha, 2014) . 
Drying shrinkage

Conclusions
The qualitative mineral identification of ceramic bodies was carried out by XRD and FT-IR Spectroscopic technique. The XRD analysis was performed of unfired ceramic bodies made from Quartz, Clay mineral (Kaolinite and Montmorillonite), Carbonate mineral (Calcite and Aragonite), Feldspar, Albite and Hematite mineral phases. Among these Quartz and Kaolinite are major minerals in the waste rock mixed ceramic bodies and this result is supported by the FT-IR studies. The presence of Aluminum and iron groups is indicated by absorption peaks near 912-913 cm À1 and 534-539 cm
À1
. Quartz with a small particle size, improves mechanical strength of the ceramic bodies. The FT-IR spectra obtained for pure clay ceramic body sample (RW0) as well as rock residue mixed ceramic body specimens (RW10-RW50) are almost identical.
The high plasticity value of the ceramic samples can cause difficulty in drying or firing, causing dimensional problems. The plasticity of ceramic bodies decreases with an increase in the rock residue addition in the samples. A linear relationship between the shrinkage and the rock residue proportion was observed for 10-50% rock residue added. All the experimental data show that the addition of the rock residue improves the physical and mechanical properties. It is concluded, that all observation indicates that rock residue is a compatible ingredient, so that rock residue can be used as a clay substitute.
